The azadirachtin, salannin, nimbin, deacetylnimbin, azadiradione and epoxyazadiradione contents were determined by HPLC in the fractions prepared from the kernel of neem fruits (Azadirachta indica) collected at different ripening stages. The fully mature fruit (yellow fruits) kernels contained the highest concentration of azadirachtin, nimbin and salannin, whereas the concentration of azadiradione (NC) and epoxyazadiradione (NL) was high in the unripe green berries. The toxicity of the fractions (KEA-1 to KEA-5) obtained from the kernels collected at successive intervals, as well as of the pure limonoids referred to above was evaluated against 3rd instar larvae of Aedes aegypti L. (wild strain). It was observed that the toxicity of these fractions increased with the maturity of the fruits. An interesting observation was that the toxicities of KEA-3 to KEA-5 are comparable and the concentration of all the major limonoids is optimum in KEA-3, which suggested that these exert a joint effect against Aedes aegypt.
Azadirachta indica A. Juss (family Meliaceae, order Rutales), known as neem, is widely distributed in Asia and Africa. Various parts of the tree are highly reputed for the treatment of several human ailments [1, 2] . More than 300 compounds have been isolated and characterized from different parts of the tree, about one third of which are tetranortriterpenoids (limonoids) [5] [6] [7] [8] [9] . One of these, azadirachtin (AZ) [3, 5] , was found to be a potent insect attractant, repellant, anti-feedant [10], insect growth-disruptant [10b, 11, 12] and to be larvicidal [13] against a large number of pests and is considered a suitable indicator of efficacy of various commercial neem based pesticides.
Besides AZ, several other limonoids of neem possess insect controlling properties and occur in quite high amounts [2,7,10c] . These include salannin (SL) [14a] , nimbin (NB) [14b], deacetylnimbin (DN) [14c], epoxyazadiradione (NL) and azadiradione (NC) [14d] ( Figure 1) . A synergistic effect may make the mixture more active than any of the individual components, including AZ. It has been reported that neem extracts containing AZ are 3 to 4 times more active than the pure isolated AZ [16] . Hence, in the present studies the content of these limonoids at different ripening stages of neem fruits was determined along with their toxicities against 3 rd instar larvae of Aedes aegypti L (wild strain), a Dengue fever vector mosquito.
Five batches of fruits were collected at different maturation stages at intervals of 10 days from the unripe stage to the ripe stage. The kernels were separated manually and worked up to afford five fractions (KEA-1 to KEA-5).
The compounds in the different extracts were identified on the basis of retention times (Rt) obtained by injecting pure identified compounds under identical conditions. AZ was purified from neem oil and used as a standard [16] . Other pure compounds (DN, NC, NB, SL and NL) were obtained from fractions KEA-1 to KEA-5 by analytical HPLC. The purified compounds were identified from spectroscopic and spectrometric data ( 1 H-and, 13 C-NMR, HRMS) and the purity was confirmed from the NMR integration. The compounds purified included AZ, DN, NC, NB, SL and NL (for retention times see Figure 1 ). The percentage of AZ was calculated based on the weight of kernel by applying the response factor with reference to the purified standard. The relative percentages of DN, NC, NB, SL and NL were calculated using the area normalization technique by comparison with the response area of AZ (Table 2 ). These were determined by assuming the total peak area as 100%.
The results showed that the azadirachtin (AZ) content (Table 1) was very low in green berries (KEA-1) and increased with ripening. The highest concentration was noted in fraction KEA-5, prepared from fully mature (yellow) fruits.
Another interesting observation was that NC, which was present in the highest concentration in the first batch extract, gradually decreased with the ripening of the fruits and a new peak started emerging in the second batch of seeds collected after 10 days (Rt = 14.8 min). This was identified as NB. In the last batch, the concentration of NC was nearly negligible while that of NB had increased considerably. It was also observed that the concentration of SL and DN gradually increased from the unripe to ripe stage. On the other hand, the concentration of NL also decreased during maturation. In our earlier studies we observed that the coatings of ripe fruits are a good source of NC and NL [8c]. From the whole seeds (whole dried fruits) all the major meliacins, namely NC, NL, NB, DN and SL, were isolated. However, when the coatings are removed on ripening of the fruits, NC and NL are isolated from the coatings as the major constituents, while NB, DN and SL are accumulated in the kernel. Hence this observation would provide an important guideline for the isolation of any of these specific compounds. Furthermore, these studies suggest that for the isolation of AZ and SL as the major constituents and for the application of neem extracts containing these compounds for pest control in agriculture, it is advisable to use the fully ripe fruits for collection of seeds. It was also noted earlier that fruit coats and the pure compounds NC and NL proved very effective in controlling Musca domestica [17] and Anopheles stephensi [8c]. Hence, fruit coats can be utilized for preparing extracts for controlling these pests.
LC 50 values of pure compounds and fractions KEA-1 to KEA-5 were determined against 3 rd instar larvae of Aedes aegypti (wild strain). This is the first report of toxicity studies of these fractions and pure compounds against A. aegypti. It was observed that fractions KEA-1 and KEA-2 were less toxic than KEA-3 to KEA-5, and the efficacy of the fractions increased with the maturation of seeds. It was further observed that the toxicity of the extracts of fully mature fruit kernels was highest against 3 rd instar larvae of Aedes aegypti. As regard to the toxicity of the pure constituents, SL was the most toxic (LC 50 45.5 ppm) followed by AZ (LC 50 50.0 ppm), NC (LC 50 50.0 ppm) and NL (LC 50 52.0 ppm). NB and DN were the least toxic (LC 50 75.0 ppm) of these constituents. In an earlier study it had also been observed that the extract of the fruit coats with higher concentrations of NC and NL was more toxic than the seeds extract against Musca domestica [17] , Anopheles stephensi Liston [8c], and Aedes aegypti (Aurangi Town strain) [18] .
The LC 50 values of fractions KEA-3 and KEA-4, which have the higher concentrations of AZ, NB and SL, were 30, 27 and 29 ppm, respectively and those of pure AZ, NB and SL were 50, 75 and 45.5 ppm, respectively. The next in order was KEA-2 (LC 50 54 ppm), which contains lesser amounts of AZ, NB and SL but a higher concentration of NC ( Table 2) .
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Experimental

Chemicals and reagents:
The standard limonoids were isolated from Azadirachta indica by HPLC and structurally identified by spectral analyses ( 1 H and, 13 C NMR, HRMS), and by comparison of data with those reported earlier [3,5,14a,14b,14d] . Organic solvents used for HPLC analysis were from Merck (Darmstadt, Germany) and filtered through a 0.45 μm cellulose membrane prior to use. Water was processed in a deionizer followed by filtration through a 0.45 μm cellulose membrane.
Plant material and extraction of limonoids:
The fruits of neem (Azadirachta indica) were collected from the Karachi University region in July-August and identified by Dr S. I. Ali, Department of Botany, University of Karachi. A voucher specimen (NM-l) has been deposited in the herbarium, Department of Botany, University of Karachi. The fruits (100 g) were collected at intervals of 10 days starting from the green unripe stage to the fully mature ripe stage (total five batches).
The kernels of each batch were separated manually and extracted (x 3) with ethanol by stirring at 60-70°C for 15 min. The ethanolic extract was conc under vacuum and repeatedly partitioned between nhexane and 90% aq. MeOH. The 90% MeOH phase of each batch was extracted with ethyl acetate after saturation with saline. The ethyl acetate layer, on drying (anhydrous Na 2 SO 4 ) and removal of the solvent under vacuum, furnished fractions KEA-l to KEA-5 as semi-solid residues.
Azadirachtin A was isolated as a standard by preparative HPLC using a LC-8A Shimadzu (Japan) chromatograph coupled with a SPD-6A UV detector linked with a Class GC-10 to collect 95% pure azadirachtin A. Other limonoids were isolated using a LC-6A liquid Shimadzu (Japan) chromatograph with an SPD-6A UV spectrophotometer through multiple injections.
HPLC analysis of limonoids:
The HPLC system employed for analysis consisted of a Shimadzu (Japan) LC-6A liquid chromatograph with a SPD-6A UV spectrophotometer and Merck reverse phase 
Biological activity
Biological test (screening procedure): Ten young 3 rd instar larvae of Aedes aegypti (wild strain) were collected in 5 mL of tap water and transferred to a 100 mL glass beaker containing 45 mL of distilled water. The compounds were tested at 28± 1 ο C at 5 final concentrations. The controls were also set. Each concentration and control was run in duplicate, and mortality was recorded after 24 h.
Accurate test:
The WHO method [19] was modified for the application. A batch of 10 insects (3 rd instar larvae) was released into a 100 mL beaker containing 50 mL filtered tap water. The concentrations selected in the preliminary screening of each compound were tested at 28± 1 ο C. A group of 7 beakers was set up, 5 for different concentrations and one each for control and check. Each experiment was repeated 5 times. The experiment was discarded if the mortality was found to be more than 10% of the control. The mortality was recorded after 24 h and readings were subjected to Abbot's formula.
